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Objectives. We sought to evaluate whether intracoronary saline 
infusion during excimer laser coronary angioplasty decreases the 
incidence of significant laser-induced coronary artery dissections. 
Background. Despite procedural success rates >90%, coronary 
artery dissections occur in 17% to 27% of excimer laser coronary 
angioplasty procedures. Excimer laser irradiation of blood results 
in vapor bubble formation and acoustomechanical trauma to the 
vessel wall. Saline infusion into a coronary artery may minimize 
blood irradiation and consequent arterial wall damage. 
Methods. In this prospective, randomized, controlled study, 
consecutive patients undergoing excimer laser coronary angio- 
plasty were randomly assigned to conventional laser irradiation in 
a blood medium or to laser irradiation with blood displacement by 
intracoronary saline infusion. In the patients randomized to 
intracoronary saline infusion, prewarmed normal saline was 
injected through the coronary artery guide catheter at a rate of ! 
to 2 ml/s using a power injector. The incidence and severity of 
dissection after excimer laser ablation were evaluated in a core 
laboratory by angiographers with no knowledge of treatment 
assignment. The severity of coronary artery dissection was rated 
on an ordinal scale of 1 to 5. Dissections of grade 2 or higher were 
considered significant. 
Results. The mean (-+SE) dissection grade after laser angio- 
plasty in patients treated with intracoronary saline infusion was 
0.43 -+ 0.13 compared with 0.91 -+ 0.26 in patients undergoing 
laser angioplasty in a blood medium. The incidence of significant 
dissection was 7% in saline-treated patients compared with 24% in 
conventionally treated patients (p < 0.05). No significant compli- 
cations were associated with saline infusion. 
Conclusions. Intracoronary saline infusion should be incorpo- 
rated into all excimer laser coronary angioplasty procedures. 
(J Am Coil Cardiol 1995;26:1264-9) 
Technologic and procedural improvements in laser angioplasty 
have been critical to improving the safer T and efficacy of the 
procedure. The high incidence of complications (perforation 
and occlusion) after the initial clinical attempts (1) using an 
argon laser coupled to a bare fiber led to the subsequent 
development of metal-tipped fibers, multifiber catheters and 
pulsed laser angioplasty systems (2). Currently, the most widely 
used clinical laser angioplasty system incorporates a pulsed 
excimer laser coupled to a multifiber catheter with the fibers 
concentrically arranged around a guide wire lumen. The ap- 
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proved indications are saphenous vein graft lesions, aorto-ostial 
lesions, long lesions, moderately calcified lesions, total occlusions 
that can be crossed with a guide wire and balloon dilation failures. 
Despite procedural success rates of >90%, coronary artery 
dissections occur in 17% to 27% of procedures (3-6). This 
overall incidence of excimer laser-induced dissection is based 
on angiography that underestimates the extent of arterial 
damage as imaged by angioscopy (7) or intravascular ultra- 
sound (8). The occurrence of a dissection increases the likeli- 
hood of death, myocardial infarction and the need for emer- 
gency coronary, artery bypass surgery after excimer laser 
coronary angioplasty (4,9). These dissections may result from 
the rapidly expanding and collapsing vapor bubbles and stress 
waves that accompany pulsed excimer laser ablation (10,11). In 
vitro experiments demonstrated that the vapor bubbles and 
pressure waves generated by excimer laser ablation in blood 
could be markedly attenuated when blood was hemodiluted or 
replaced by saline (12-14). Based on these results, Tcheng et 
al. (14) developed a "flush and bathe" technique to replace 
blood and contrast medium in the ablation field with crystal- 
loid during excimer laser coronary angioplasty. In a pilot study 
of 57 consecutive patients, they reported no laser-related, 
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clinically significant dissections and a 14% rate of minor 
dissections after saline infusion or Ringer's lactate solution 
into a coronary artery. Although saline infusion was widely 
encouraged as a result of this experience, other technologic 
and procedural changes (e.g., improved catheters) could have 
been responsible for the empirically observed results. The 
purpose of the present prospective, randomized study was to 
evaluate whether intracoronary saline infusion would decrease 
the incidence of significant laser-induced issections and 
should therefore be recommended for all excimer laser coro- 
nary angioplasty procedures. 
Methods 
Patients. Consecutive patients undergoing excimcr laser 
coronary angioplasty at six medical centers (see Appendix) 
were randomly assigned to conventional laser irradiation in a 
blood medium or to laser irradiation with blood displacement 
by intracoronary saline infusion. There were no age or gender 
restrictions for study participation. Patients were selected for 
excimer laser coronary angioplasty on the basis of the presence 
of appropriate coronary artery lesions and evidence of isch- 
emia. Patients with ostial lesions were excluded because coro- 
nary guide catheter disengagement from the ostium was 
thought to limit the ability to displace blood from the ablation 
site during saline infusion through the guide catheter (see 
later). Randomization tosaline infusion or conventional bla- 
tion was performed using a random number table to generate 
numbered, sealed envelopes containing treatment assignment 
information. The present study was performed under an 
Investigation Device Exemption and was approved by the 
Institutional Committees on Human Research at each partic- 
ipating institution. Written informed consent was obtained 
from all patients. 
Saline infusion technique, In patients randomized to exci- 
mer laser ablation with simultaneous intracoronary saline 
infusion, prewarmed (37°C) 0.9% N saline was injected 
through the coronary artery guide catheter at a rate of 1 to 
2 ml/s using a power injector. To maximize saline infusion into 
the coronary artery, guide catheters without side holes were 
used. Saline was injected through the catheter manifold and Y 
adaptor into the coronary guide catheter (into the space 
between the guide and the laser catheters). The power injector 
enabled aconstant infusion rate independent of the size of the 
guide and laser catheters. The infusion rate was based on the 
size of the vascular bed of the treated vessel, with the lower 
rate used predominantly in the right coronary artery, lntra- 
coronary infusion was initiated 3 to 5 s before and continued 
during excimer laser irradiation, which was delivered in 5-s 
trains. The excimer laser coronary angioplasty procedure was 
otherwise performed as previously described (15). 
Dissection grade. The primary end point of the study was 
the incidence of significant arterial dissection after excimer 
laser ablation. Secondary end points were total incidence of 
dissection (significant and nonsignificant) and incidence and 
severity of dissection after adjunctive balloon angioplasty. All 
cineangiograms were reviewed in blinded manner by a core 
angiograpbic laboratory (St. Michael's Hospital, Toronto, On- 
tario, Canada) using the Cardiac Measurement System (Med- 
ical Imaging Systems, Nuenen, The Netherlands), which has 
been described in detail (16). Measurements of minimal lumen 
diameter and reference or normal vessel diameter were ob- 
tained using the known diameter of the nontapered section of 
the guide catheter tip as a calibration factor. Angiographic 
analyses were done before laser treatment and after angio- 
plasty in all patients using the average of multiple matched 
views with orthogonal projections whenever possible. A mod- 
ified National Heart, Lung, and Blood Institute (NHLBI) 
dissection grading system was developed to grade the severity 
of coronary artery dissection on an ordinal scale of 1 to 5: 
grade 0 = no dissection; grade 1 = a small inear adiolucency 
within the coronary, lumen with no or minimal contrast stain- 
ing; grade 2 = a moderate dissection with a parallel tract or 
double-lumen appearance with minimal contrast staining and 
normal anterograde flow; grade 3 = a large dissection with 
extraluminal contrast staining but with normal anterograde 
flow; grade 4 = a large dissection with decreased anterograde 
flow (Thrombolysis n Myocardial Infarction trial [TIMI] flow 
grade 2); grade 5 -- abrupt closure without anterograde flow 
(TIMI flow grade 0 or 1). A priori, grade 1 dissections were 
thought to represent onsignificant angiographic findings after 
coronary angioplasty. Dissections of grade 2 or higher were 
considered significant. Significance was based on the fact that 
these moderate or worse dissections would alter patient man- 
agement, for example, by the use of prolonged balloon infla- 
tions or postprocedural heparin administration. 
Statistics. Clinical and angiographic haracteristics are 
presented as mean value _+ SE. Categoric variables were 
compared using a chi-square test, and continuous variables 
were compared using an unpaired Student t test (with Bonfer- 
roni correction for multiple comparisons). The incidence of 
significant dissection, defined as a dissection grade 2 or higher, 
was compared between the groups using a one-tailed Fisher 
exact est. Statistical significance was assumed at p < 0.05. Based 
on initial sample size calculations assuming a 25% incidence of 
dissections in the control group, a sample size of 109 lesions 
would result in 80% power to detect a 75% reduction in the 
incidence of dissections in the saline-treated group. The study was 
terminated prematurely b consensus of the participants on the 
basis of the results of this unblinded study and on the clinical 
results at other centers, where the use of saline infusion 
technique had empirically become routine practice. 
Results 
Clinical and angiographic haracteristics. Sixty-three pa- 
tients were enrolled from March 1993 through October 1994. 
Two patients were excluded from analysis because of failure to 
reach or cross the lesion with the laser catheter, and four 
patients were excluded because of protocol violations (three 
ostial lesions and one equipment malfunction resulting in 
failure to infuse saline). Of the 57 patients, 31 were randomly 
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Table 1. Baseline Clinical Characteristics 
Blood Saline 
Group Group 
(n = 31/ (n = 26) 
Mean (~+SE) age (yr) 66 _+ 2 65 -+ 2 
Unstable angina 52% 42% 
Male 74~ 70% 
No. of lesions 34 30 
p = NS for comparisons between groups. 
assigned to conventional laser coronary angioplasty, and 26 
were randomly assigned to intracoronary saline infusion (Table 
1). The two groups are hereinafter referred to as the blood 
group or the saline group, according to the laser ablation 
medium. There was no statistically significant difference in the 
age, gender distribution or incidence of unstable angina be- 
tween the two groups. Because of multiple lesions in seven 
patients, there were 34 lesions in the blood group and 30 
lesions in the saline group (Table 2). Both study groups 
included lesions in all three native coronary arteries and in 
saphenous vein grafts. The distribution of lesions by vessel 
location and normal reference diameter was not statistically 
different between the groups. 
Consistent with prior studies, the majority of lesions treated 
by laser coronary angioplasty were classified as American 
Heart Association/American College of Cardiology types B2 
and C. Baseline stenosis averaged 71% and 79% by quantita- 
tive coronary angiography for the blood and saline groups, 
respectively. Again, these comparisons were not statistically 
different between the groups. 
Procedural results. Overall, the procedural results were 
similar in both groups (Table 3). The laser catheter/vessel ratio 
was 0.59 in the blood group and 0.60 in the saline group. The 
Table 2. Baseline Angiographic Characteristics 
Blood Saline 
Group Group 
(n 34) (n 30) 
Vessel distribution 
LAD ~ 8 
LCx 6 9 
RCA 6 5 
SVG 14 8 
Lesion type 
A 6 5 
B1 13 7 
B2 1 il 7 
C 5 11 
Baseline stenosis (%) 71 - 3 79 +_ 
Normal vessel diameter (ram) 3.0 _+ 0.1 2.7 _+ 
Obstruction MLD (ram) 0.9 + 0.1 0.6 _+ 





p = NS for comparisons between groups. Data presented are mean value _+ 
SE or number of patients. LAD - left anterior descending coronary artery; 
LCx = left circumflex coronary, artery; MLD = minimal lumen diameter; RCA = 
right coronary, artery; SVG = saphenous vein graft. 
Table 3. Procedural Results 
Blood Saline 
Group Group 
(n - 34) (n = 30) 
Catheter/vessel ratio 0.59 _+ 0.02 0.60 _+ 0.03 
Postlaser stenosis 53 + 3% 49 _+ 3% 
Postballoon stenosis 27 -+ 3% 27 _+ 2% 
Clinical success 97% 96% 
Post-MLD 2.3 -+ 0.8 2.0 _+ 0.6 
Post-MLD Pre-MLD 0.46 -+ 0.03 0.55 _+ 0.03 
p = NS for comparisons between groups. Data presented are mean value __ 
SE or percent of patients. Post-MLD (Pre-MLD) = postprocedural (preproce- 
dural) minimal lumen diameter. 
postlaser stenosis was 53% in the blood group and 49% in the 
saline group. Similar laser pulse energy densities were utilized 
in both groups (46 _+ 1 m J/ram 2 in the blood group and 48 _+ 
1 m J/ram 2 in the saline group). Adjunctive balloon angioplasty 
was performed in all lesions and postballoon stenosis was 27% 
in both the blood and saline groups. Clinical success was 97% 
in the blood group and 96% in the saline group. No compli- 
cations due to intracoronary saline infusion at the designated 
temperature and flow rates were reported. Saline infusion 
rates were 1 ml/s in 8 patients, 2 ml/s in 17 and 3 ml/s in 1. 
The majority of patients had no dissections after laser 
ablation (Table 4). There was a similar incidence of grade 0 (or 
no) dissection, of 62% in the blood group (n = 21) and 67% in 
the saline group (n = 20). However, the severity of the 
observed issections was greater in the blood group. There 
were five grade 1, four grade 2, one grade 3 and three grade 5 
dissections in the blood group compared with eight grade 1, 
one grade 2 and one grade 3 dissections in the saline group. 
The mean dissection grade was 0.91 in the blood group 
compared with 0.43 in the saline group. All three abrupt 
closures in the study occurred in the blood group. The worst 
dissection in the saline group was grade 3, or a large dissection 
with normal anterograde flow. These results are consistent 
with the observation that laser irradiation of blood causes 
acoustomechanical d mage to the vessel wall. 
Figure 1 shows an analysis of the results based on the 
incidence of significant dissections. Moderate or worse dissec- 
tions occurred in 8 (24%) of 34 lesions treated in the blood 
Table 4. Incidence of Dissection 
Blood Saline 
Dissection Group Group 
Grade (n = 34) (n = 30) 
0 (none) 21 (62%) 20 (67%) 
1 (small) 5 (15%) 8 (27%) 
2 (moderate) 4112%) 1 (3%) 
3 (large) 1 (3%) 1 (3%) 
4 (large) 0 0 
5 (occlusion) 3 (8%) 0 
Mean (_+SE) 0.9I = 0.26 0.43 _+ 0.13 
Unless otherwise indicated, ata presented are number (%) of patients. 
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Grade _< 1 













Figure 1. Incidence and analysis of significant dissections. No or minor 
dissections (grades 0 and 1) are tabulated in the first row, and 
significant dissections, defined as moderate or worse (grades 2 or 
higher), are tabulated inthe second row. Marginal totals for the rows 
and columns are shown at the bottom and right side of the figure. 
Relative risk reduction 71%; number needed to treat = 6. p < 0.05. 
group. In contrast, moderate or worse dissections only oc- 
curred in 2 (7%) of 30 lesions treated in the saline group. 
Intracoronary saline infusion therefore reduced the incidence 
of significant dissections by 71% (p < .05). Thus, for every six 
patients treated with saline infusion, one significant dissection 
was prevented. 
When dissections were graded using the NHLBI classifica- 
tion, there were 0 type A dissections, nine type B dissections, 
one type D dissection and three type F dissections in the blood 
group compared with three type A dissections, five type B 
dissections, two type C dissections and 0 type D or F dissec- 
tions in the saline group (p < 0.05). In a multivariate analysis, 
ablation in blood, as opposed to saline, was a better predictor 
(p = 0.06) of a significant dissection than was laser catheter/ 
vessel ratio, lesion length, location, severity, eccentricity or 
American Heart Association/American College of Cardiology 
classification. 
Adjunctive balloon angioplasty was performed in all proce- 
dures. The three laser-induced arterial occlusions were all 
successfully treated with balloon angioplasty. After adjunctive 
balloon angioplas~, there were six significant dissections in the 
blood group (four grade 2, one grade 3 and one grade 4) and 
three significant dissections (all grade 2) in the saline group 
(p = 0.24). Of the significant postlaser dissections, three of 
eight in the blood group and two of two in the saline group 
were no longer significant after adjunctive balloon angioplas~'. 
However, postlaser dissection was predictive overall of the 
final dissection result. Five (50%) of ten lesions with significant 
postlaser dissections had final postballoon angioplasty dissec- 
tions graded as moderate or worse (grade 2 or higher). In 
contrast, only 4 (7%) of 54 lesions without significant postlaser 
dissections had final postballoon dissections graded as moder- 
ate or worse (p < 0.05). 
Discuss ion 
In the present study, the incidence of laser-induced arterial 
dissection during excimer laser coronary angioplasty was re- 
duced by intracoronary saline infusion. The presumed mecha- 
nism of this benefit was the displacement of a blood lasing 
medium by a saline medium. This observation is consistent 
with basic in vitro research, in vitro experimental models and 
empiric linical observation. 
Laser-induced issection. In vitro studies (10,11) have 
demonstrated that pulsed excimer laser ablation is associated 
with rapidly expanding vapor bubbles and mechanical stress 
waves. Time-resolved photography revealed forceful vapor 
bubble formation during excimer laser irradiation with a 
0.9-mm diameter optical fiber that resulted in tissue elevation 
of up to 2.5 mm. In blood, each excimer laser pulse generated 
a fast-expanding and imploding vapor bubble whose size was 
proportional to the pulse energy. In vivo, excimer laser irradi- 
ation coaxially delivered in a rabbit artery produced an intralu- 
minal bubble that resulted in microsecond dilation (to a 50% 
increase in vessel diameter) and invagination of the arterial 
segment (10). This was associated with histologic dissections 
and extensive wall damage far beyond the penetration depth of 
the 308-rim laser light. It has been hypothesized that this 
mechanical distention of the vessel is a potent stimulus for 
smooth muscle cell proliferation and increased vasomotor 
tone, contributing to restenosis and vasospasm, respectively 
(11). Abella (17) postulated that multiple layers of dissection 
could cause the artery to "puff up," similar to a "mille-feuilles" 
pastry. The swelling in the arterial wall as a result of multilay- 
ered dissection planes could be the cause of angiographic 
spasm or acute occlusion after laser angioplasty. In vitro 
experiments (13) documented that excimer laser ablation in 
blood resulted in a bubble diameter of 1.2 mm and an acoustic 
pressure of 15 kbar compared with no acoustic signal or bubble 
formation in saline. A fourfold dilution of blood reduced the 
bubble diameter to 0.48 mm and the pressure to 0.25 kbar. In 
another experiment (14), the magnitude of the pressure pulse 
was reduced by 60% in a 10% blood solution and by 95% in 
saline compared with that in whole blood. The difference in 
photomechanical effects is due to the strong absorption of 
308-nm radiation by blood compared with saline. Transmission 
through 1 mm of saline was 100%, but only 59% through a 
10% blood/saline solution. Excimer laser absorption by blood 
has also been shown (18) to attenuate laser transmission to 
tissue and thus reduce the amount of' tissue ablation. In view of 
this evidence, intracoronary saline infusion was proposed as a 
means to displace blood during excimer laser angioplasty to 
minimize the deleterious effects of laser-irradiated blood. 
The 23% incidence of significant dissections in the control 
(blood) group in the present study is consistent with the 
dissection rates reported in previous reports of excimer laser 
coronary angioplasty (3-6). The significantly reduced inci- 
dence of dissection i  the saline-treated group (7%) is consis- 
tent with that reported empirically by Tcheng et al. (14). In 
that series, none of 57 consecutive patients treated with 
intracoronary saline infusion during excimer laser coronary 
angioplasty developed a dissection of grade 2 or higher after 
laser ablation. Eight patients (14%) had laser-related grade 1 
angiographic dissections. 
Dissection classification. A modified NHLBI classification 
scheme was used for the angiographic grading of postlaser 
dissections in the present study. The grading system corre- 
1268 DECKELBAUM ET AL. JACC Vol. 26, No. 5 
SALINE INFUSION DURING EXCIMER LASER ANGIOPLASTY November 1, 1995:1264-9 
sponds roughly to the National Heart, Lung, and Blood 
Institute classification scheme but differs by the added quali- 
tative assessment (e.g., small, moderate, large) and coronary 
flow attributes to each grade. The potential ambiguity of 
"filling defect" and "spiral" dissections was avoided. Further, 
clinical importance was attributed to dissections that were 
graded 2 or higher because they were deemed (by the core 
laboratory) to have an impact on therapy (e.g., the use of 
autoperfusion balloons, prolonged balloon inflation or ex- 
tended heparin administration). Grade 1 dissections were 
though to be clinically insignificant with no therapeutic impact, 
analogous to what Huber et al. (19) referred to as "nonsignif- 
icant angiographic findings after angioplasty." Compared with 
the NHLBI classification i the present classification scheme, 
grade 1 corresponds to type A or B, grade 2 to type B, grade 3 
to type C or D, grade 4 to type E and grade 5 to type F. The 
present classification scheme is also similar to that developed 
by Reis et al. (20). 
Saline hemodilution. A major limitation of the present 
study is that the ability of intracoronary saline infusion at the 
specified flow rates to clear blood from the ablation site 
adequately and transiently was assumed and not uniformly 
documented. The flow rate of 1 to 2 ml/s was initially chosen 
because it was similar to rates shown to be safe and effective 
for hemodilution during angioscopy (21). This rate also ap- 
peared to be adequate on the basis of crude testing in an in 
vitro coronary circulation model (Spectranetics Corporation, 
unpublished ata). 
A subset of patients in this study (22) had intracoronary 
laser-induced fluorescence spectroscopy erformed uring sa- 
line infusion in an attempt to document adequate hemodilu- 
tion. Because blood does not fluoresce, but instead absorbs 
ultraviolet and visible radiation, its presence decreases the 
intensity of arterial tissue fluorescence (23). At multiple 
catheter-to-tissue distances in vitro, total fluorescence in- 
tensity was demonstrated to increase markedly as blood was 
hemodiluted with saline. Maximal total fluorescence inten- 
sity was obtained with complete replacement of the blood by 
saline medium. Hemodilution to a hematocrit <5% to 10% 
was generally required to detect otal fluorescence intensity, 
and this hemodilution correlates well with that required to 
reduce the photomechanical effects caused by blood abla- 
tion (13,14). In 15 patients who had fluorescence spectros- 
copy performed through the laser ablation catheter during 
excimer laser coronary angioplasty and saline infusion, the 
total fluorescence intensity increased in 10 of 1l native 
coronary arteries but in only 2 of 4 saphenous vein grafts. 
This finding suggests hat intracoronary infusion at a rate of 
1 to 2 ml/s is adequate for hemodilution i native coronary 
arteries but not for saphenous vein grafts, probably because 
of the larger blood volume in the larger diameter vein grafts. 
The number of lesions in the present study was inadequate 
to perform subgroup analysis, but there was no trend toward 
a lesser benefit of saline infusion in vein graft lesions. 
Conclusions. In this multicenter, randomized trial intra- 
coronary saline infusion during excimer laser coronary anglo- 
plasty reduced the severity of laser-induced arterial dissections. 
The incidence of moderate or worse dissections was reduced 
by 71%. In view of the low cost and morbidity associated with 
this maneuver, saline infusion should be incorporated into all 
excimer laser coronary angioplasty procedures to improve 
immediate outcome. 
We gratefully acknowledge Ava Artaiz for the preparation of the manuscript. 
Appendix 
Participating Investigators and Institutions for the 
PELCA Trial 
Hospital investigators. Yale-New Haven Hospital, New Haven and Veterans 
Affairs Medical Center, West Haven, Connecticut: Joseph J. Brennan, MD, Henry 
S. Cabin, MD, Michael W. Cleman, MD, Lawrence I. Deckelbaum, MD, Michael 
S. Remetz, MD. Brigham and Women's Hospital Boston, Massachusetts: John A. 
Bittl, MD, Deborah Manuelian, CVT. St. Joseph's Hospital, Tampa, Florida: 
Matthew Glover, MD, John Toole, MD. St. Francis Hospital, Tulsa, Oklahoma: 
Michael Spain, MD, John Waters, MD. University of Texas Medical School at 
Houston-Hermann Hospital, Houston, Texas: Richard Smalling, MD. University of 
Alabama, Birmingham. Alabama: Gary Roubin, MD. 
Angiographic core laboratory, St. Michael's Hospital, Toronto, Ontario, 
Canada: Kimberley A. Bowman, RN, Robert J. Chisholm, MD, Madhu K. 
Natarajan, MD, Bradley H. Strauss, MD. 
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